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A causal connection between prolonged ingestion
of phenacetin-containing analgesics and renal dam-
age seems to be well established. Our concepts of the
morphology and pathogenesis of analgesic nephropa-
thy (AN), however, have changed since the first
description by SpUhier and Zollinger [11. It was for-
merly believed that the initial lesion was chronic
interstitial nephritis in the renal cortex with second-
ary papillary necrosis. With greater experience of the
disease, it became apparent that papillary necrosis
was the primary and predominant lesion and that the
cortical changes were secondary to it. The historical
aspects have been treated in detail by Gsell [21 and
Heptinstall [3].
Our own experience with the morphologic picture
of analgesic nephropathy is based upon 186 autopsies
(158 females, 33 males) seen during the years 1955 to
1964 at the Institute of Pathology of the University of
Base!, Switzerland [4]. For the present study, details
are reported for 60 cases (42 females, 18 males)
examined at the Institute of Pathology of the Kan-
tonsspital St. Gallen. Switzerland, from 1971 to 1976.
These cases include five needle biopsies from
patients with analgesic nephropathy in which renal
medullary tissue was available for examination under
the light and electron microscope. For this study,
analgesic abuse is defined as the daily intake of
mixed analgesic powders containing at least 1 g of
phenacetin for over five years. In most cases the
daily consumption was much higher over 10 to 25
years.
Morpho genesis of papillary necrosis in analgesic
nephropathy. Renal papillary necrosis is the hall-
mark of analgesic-induced kidney damage. As a rule,
almost all pyramids in both kidneys are affected.
According to Burry [5], we distinguish three stages
in the development of papillary necrosis: early, par-
tial or intermediate form, and total necrosis.
Early necrosis. The prospective autopsy investiga-
tion by Burry [61 and our own studies of kidneys
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from patients with long-standing analgesic abuse
without impaired kidney function and death due to
intercurrent disease [4, 7] have shown that the first
morphologic changes are seen in the renal papilla.
On macroscopic examination, size and weight of the
kidneys are within normal ranges. The papillae are
somewhat firmer than normal and show grayish
streaks. Histologically, the first changes are seen in
the ground substance and the basement membranes
of the loops of Henle and the capillaries of the inner
medullary zone. Basement membranes are thickened
and homogenous. They stain heavily with PAS and
Sudan. While the basement membranes of the col-
lecting ducts are not affected, the matrix between the
tubules is increased and stains intensively in case of
PAS or fat staining. The affinity of the matrix to
toluidin blue at pH 6.4 and to alcian blue is reduced as
compared to normal controls. Sometimes, fine gran-
ular black deposits of calcium phosphate are detect-
ed using the von Kossa technique. In some places
the epithelial cells of the loops of Henle show necro-
sis. The endothelial cells in capillaries seem to be less
affected. The epithelial cells of the collecting ducts
are well preserved. Inflammatory cells are complete-
ly absent in the inner medullary zone. The outer
medullary zone and the cortex show no changes in
this first stage. Electron microscopy of early necrosis
in kidney biopsies shows a marked concentric thick-
ening of the basement membranes of the loops and
rarely of the capillaries. The thickened membranes
are lamellar in appearance. The lumina of the loops
are narrowed; the epithelial cells, however, are pre-
served (Fig. 1). Only in the further stages do the
epithelial and endothelial cells show necrobioses
(Fig. 2). The interstitial cells of the inner medulla lose
their podocytes, and autophagic vacuoles appear in
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the cytoplasm. The collecting ducts are well pre-
served by electron microscopic examination.
In the second stage of partial necrosis the papilae
are somewhat shrunken with a brownish discolora-
tion. There are confluent patchy necroses at different
points of the inner medullary zones, especially at the
tips of the papilae; often the lumina of the loops and
the capillaries between the thickened basement
membranes are discernible no more. Sometimes,
ghost cells without nuclei remain in the lumina. The
collecting ducts in some places also show necrobiotic
changes. In the outer medullary zone, an increase in
fibroblasts, monocytes, and lymphocytes appears,
and there is an increase of collagen fibers around the
bundles of the medullary vessels. At the same time,
the first focal atrophic changes in the cortical tubules
are seen. The cellular infiltrate at the cortico-medul-
lary boundary is in contrast to the acellular changes
in the inner medullary zone (Fig. 3).
The third stage shows the well known sclerotic
type of total papillary necrosis with its striking
brownish discoloration (Fig. 4). This type of necrosis
can easily be distinguished on morphologic grounds
from the acute infectious-toxic papillary necrosis in
the case of diabetes mellitus and obstructive uropathy
[81. The total necrosis comprises the papilla and the
inner medulla. Calcification was evident in 80% of
our cases with papillary necrosis, while metaplastic
bone formation was found less often. The necrotic
tissue remains in situ for a long time. At the bounda-
iy zone between dead and surviving tissue, fissions
are often observed as a result of cystic dilatation of
the outer medullary tubules. Later, a zone of demar-
cation develops with very few inflammatory reac-
tions, and finally the papilla is sloughed off. Necrotic
tissue fragments frequently lie free in the calyces and
the pelvis. The raw stump of the remaining pyramid
shows ingrowth of fibrous tissue and is covered with
epithelial cells.
Pathogenesis of cortical changes. In 1964, Kin-
caid-Smith [9] suggested, for the first time, that
chronic interstitial nephritis in the renal cortex might
be the consequence of papillary necrosis. This
hypothesis has been supported by observations on
human kidneys [5, 101 and in animal experiments
[11—13]. Especially relevant are the findings in
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Fig. 1. Earlypapillary necrosis: Thin limb of loop of Henle with thickening and reduplication
of the basement membrane and narrowing of the lumen. Epithelial cells are well preserved.
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Fig. 2. Early papillary necrosis: Thin limb of loop of Henle with necrobiosi. of epithelial cells,
thickened basement membrane and collagen fibers. (X5200.)
experimental papillary necrosis, in which about six
weeks after the acute toxic papillary necrosis a
chronic interstitial fibrosis develops in the cortex
overlying the necrotic papila, a finding which is most
similar to the "interstitial nephritis" in human anal-
gesic nephropathy [11]. The complexity of the histo-
logic changes in the cortex has made the elucidation
of the pathogenesis of analgesic nephropathy diffi-
cult. The main features are atrophy of cortical
tubules with interstitial fibrosis and mild round cell
infiltration (Fig. 3). The glomeruli are well preserved
for a long time and lie close together between the
atrophic tubules. Those changes are due mainly to
obstruction or interruption of medullary tubules in
the necrotic papillae. But a vascular component may
also play its part mainly by interference with te
venous return through the occluded vasa recta med-
ullaries. Secondary to this, the morphologic picture
of cortical atrophy is influenced by bacterial infection
and by simultaneous vascular processes.
Therefore, we distinguish between four types of
cortical changes: 1) The "classical" picture of dif-
fuse nondestructive chronic interstitial nephritis
occurs as a consequence of total papillary necrosis,
when Henle loops as well as collecting ducts are
destroyed, and therefore, all nephrons of the cortex
are affected. Sometimes the nephrons of the columns
of Bertini may be spared and show hypertrophy. On
macroscopy both kidneys are of equal size and show
a smooth surface. 2) A focal nondestructive intersti-
tial nephritis, unevenly distributed throughout the
cortex and affecting only nephrons with long thin
limbs running down to the papila, is seen in partial
papillary necrosis when ioops of Henle are destroyed
and collecting ducts preserved. It should be men-
tioned, however, that superficial nephrons are more
often affected by focal changes than juxtamedullary
ones, in contradiction to the assumption that neph-
rons with long loops are mainly located in the juxta-
medullary zone [13]. 3) In this type, there is a picture
of diffuse or focal chronic interstitial nephritis com-
bined with destructive focal cortical changes, which
fulfill all the histologic criteria of chronic pyelone-
phritis as depicted by Kimmelstiel et a! [5]. On
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Fig. 3. In situ papillary necrosis: Contrast between acellular
necrotic medulla and cellular inflammatory infiltrate at the corti-
co-medullary junction. Diffusely shrunken cortex with chronic
interstitial nephritis" is shown. (Haematoxylin and eosin Stain.
X40.)
macroscopic examination the kidneys are not
smooth and show unevenly distributed scars on their
surfaces. In our opinion it is doubtful if all these
"pyelonephritic scars" are due to bacterial infection.
The same histologic features can be seen in nonbac-
terial damage. 4) A picture of acute pyelonephritis
with focal suppurative inflammation and abscess for-
mation, combined with changes mentioned in types
1—3, is also frequent. Those features are the conse-
quence of superimposed bacterial infection and are
particularly frequent in the terminal stages. Second-
ary bacterial infection in analgesic-induced papillary
necrosis is well recognized on morphologic and clini-
cal grounds [5, 7, 14—16].
Analgesic microangiopathy of the renal papilla
and the mucosa of the urinary tract. A homogenous
thickening of the walls of capillaries, arterioles and
venoles in the inner medulla has already been
described in the section on early papillary necrosis.
Less well known is that the same microangiopathy
can also be found in the pelvic, ureteric, and bladder
mucosa [17, 181. The capillaries just beneath the
urothelium of these mucosal membranes show a
thick homogenous wall and are often narrowed (Fig.
5). The vessel-walls stain heavily with PAS and fat
stains, while they are negative for Congo red and the
von Kossa-technique. These changes are not related
to age, blood pressure, or diabetes mellitus.
We have recognized this unusual hyalinzation of
capillaries in the pelvic mucosa in 80% of our cases
with analgesic nephropathy. Unfortunately, we do
not know how often they are seen in the mucosa of
the ureter and the bladder, because we have not
preserved enough material to make systematic
analyses.
In unstained mounted sections, the pelvic mucosa
displays a diffuse brownish discoloration. The pig-
ment seems to be located mainly in the hyalinized
subepithelial capillaries. In cases without postmor-
tem autolysis, the urothelium above the affected ves-
sels shows no necrosis (Fig. 5). The inflammatory
cell infiltrates are slight. Control cases of 100 unse-
lected autopsies without analgesic abuse failed to
show a similar microangiopathy. The vessels in the
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Fig. 5. Renal pelvic mucosa: Numerous thick-walled hyalinized
vessels with narrowed lumens beneath the urothelium. No inflam-
matory reaction is seen. (PAS stain; x375.)
deeper layers of the pelvic wall sometimes display
similar changes, but they seem to be less specific and
are more often related to age and blood pressure.
Brownish pigmentation of tissues in cases of anal-
gesic abuse. After long-standing intake of phenace-
tin-containing analgesics, a striking brown discolora-
tion of the renal papilae [191, the liver [191, the
mucosae of the lower urinary tract [20], the interver-
tebral discs, the cartilage of the ribs [21], and of the
skin [22] occurs. The liver has an unusual dirty
brown color on macroscopic examination. Histology
reveals an iron-free granular brown pigment with
histochemical characteristics of lipofuscin within the
liver cells [191. The same iron-free pigment granules
are sometimes found in the cortical and outer medu!-
lary tubules of the kidney, but to a much lesser
degree. In the renal papilla, the mucosa of the uri-
nary tract, and the cartilages, the pigmentation is
best seen on macroscopic examination. After formal-
in fixation, it takes a violet discoloration and is some-
times easier detectable than in fresh material. On
histologic examination, and with special stains, no
pigment granules are observed. Unstained slides,
however, disclose a diffuse faintly brownish discol-
oration. The pigment seems to be deposited in the
ground substance of renal medulla and cartilage, as
well as in the basement membrane of capillaries and
medullary tubules. Analysis with chemical and phys-
icochemical methods after extraction have shown
that the pigmentation is due to colored lipids of a
composition similar to that of the fat component of
lipofuscin [20—22]. In our cases of analgesic nephro-
pathy, macroscopic visible pigmentation is almost
always present in the renal papillae and in the liver.
In half of the cases it is found to some extent in the
mucosa of the pelvis. In five percent only, it is
disclosed in the intervertebral discs and the ribs.
Statistical data on AN in autopsy-collectives. Our
own data are shown in Table 1. The autopsy material
from Base! comprises a mainly urban population,
while the population from St. Gallen is mainly rural.
There are no differences between the two series. In
recent years, however, there seems to be a trend to
higher age groups and the male sex (Table 1). Inter-
esting in comparison to records from Denmark [23]
and Sweden [241 is the fact that the incidence of AN
in Basel has not decreased since 1955. Phenacetin-
containing analgesics are still freely available in
Switzerland. The incidence of AN at autopsy is
much higher in Brisbane, Australia, than in Basel
and St. Gallen, Switzerland. Burry reports an inci-
dence of 3.4% in 1966 and of 2.2% in 1971 in his
series of 507 and 734 consecutive autopsies, respec-
tively [6, 251.
Uroepithelial tumoi-s of the renal pelvis were
observed in five of our 60 cases from St. Gallen,
which corresponds to 8% of all cases of AN. This
percentage agrees with what has been reported from
Sweden [26] and Germany [271.
Discussion
A strong argument in favor of a causal relationship
between analgesic consumption and renal damage is
the significant decline in death rates from analgesic
nephropathy in Denmark and Sweden where the free
sale of phenacetin was restricted by law 15 years ago
[23, 24]. A similar trend has been reported by Burry
[251 in Australia following omission of phenacetin in
mixed analgesics. In contradistinction to this, death
rates of analgesic nephropathy and numbers of papil-
lary necrosis at autopsy have not changed in Switzer-
land. Analgesic nephropathy is still an important
cause of renal death in Switzerland. In our own
autopsy material, we have seen 60 cases of death due
to analgesic nephropathy and 57 cases due to glomer-
ulonephritis over the same period of time.
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Table 1. Analgesic nephropathy (AN) at autopsies in Switzerland
No. of autopsies
With analgesic
nephropathy
% of all
autopsies
Mean age of
cases with
AN
yr
Basel, 1955—1964
Basela, 1968—1972
St. Gallen, 1971—1976
18,810
(8,6539, l0,157c)
9,795
(4,6039, 5,192)
5,350
(2,3729, 2,978)
186
(1539, 33
97
(599, 38)
60
(429, l8)
1.0
1.0
1.1
58
61
62
a Torhorst [17].
Information obtained from patients and from rela-
tives concerning analgesic consumption are not
always reliable. The question arises, therefore, of
how specific the morphologic changes in the kidneys
are. The chronic sclerotic type of papillary necrosis
is characteristic but not specific. It may rarely be
recognized in vascular shrunken kidneys, in diabetic
nephrosclerosis, and in gouty nephropathy. The
brownish pigmentation of the papilae in combination
with a brownish discoloration of the mucosa of the
urinary tract and the mucosal microangiopathy
seems to be highly characteristic for analgesic
nephropathy and has not been found in other diseas-
es in our material. The lipofuscin in the liver, how-
ever, is nonspecific.
The cause of the microangiopathy in the mucosal
membranes of the urinary tract is not clear. The
localization of the affected vessels just beneath the
urothelium favors the idea of damage by direct con-
tact through urine containing concentrated metabo-
lites of the analgesics, and hence it is not surprising
to find the same changes in the medullary vessels.
Microangiopathy and brownish discoloration seem
to be related to each other. The affected vessels in
the mucosa or renal papilla stain heavily with fat
stains, and lipids have been detected as the main
component of the brownish pigmentation at the same
sites [20].
The importance bacterial infection has in AN was
controversial for a long time With the discovery of
early papillary changes, it became evident that bacte-
rial infection is a secondary phenomenon, which may
be or may not be present in AN. The papillary
lesions prepare the way for hematogenous bacterial
infection.
The chronic interstitial nephritis in the renal cortex
is also a secondary phenomenon. Similar features
may be seen in the cortex of gouty nephropathy,
myeloma kidney and in hydronephrosis, the patho-
genic mechanism being an intrarenal tubular obstruc-
tion. The exact nature of papillary damage caused by
analgesic-metabolites is unknown. On the basis of
light- and electron-microscopic examinations, we
came to the conclusion that the first morphologic
changes can be observed in the basement mem-
branes of the loops of Henle and of the capillaries,
and also in the ground substance of the interstitial
tissue of the papila [4, 71. Burry [51 and Prescott
[281 favor a primary damage to the epithelium of the
loops of Henle, while Nanra and Kincaid-Smith [291
suppose the primary pathogenetic mechanism to be a
vascular one. A direct toxic action seems to be more
likely than an immunologic mechanism, because Bur-
ry, De Jersey, and Weedon [6] have found a correla-
tion between the total amount of phenacetin con-
sumed and the severity of renal damage. The clinical
observations of recovery of renal function when
analgesic intake is stopped also favor a direct toxic
damage [2, 301.
The problem as to which component of the analge-
sic mixtures is responsible for the kidney damage
remains unsolved. The discussion is centered on
phenacetin and aspirin [31]. An interaction of differ-
ent compounds, however, must also be taken into
consideration. The pathologist is unable to solve this
problem on the basis of his findings. The mixed
analgesic powders mostly used in Switzerland con-
tain phenacetin with caffeine, codeine, andlor pyra-
zolone derivates. They do not contain salicylates.
Aspirin cannot, therefore, be responsible for the kid-
ney changes observed in our material. Localization
of initial lesions in the papilla are in agreement with
clinical and epidemiological observations of early
impairment of urinal concentrating ability in analge-
sic abusers [2, 16, 32]. If concentration of drugs and
their metabolites by the countercurrent mechanism
in the renal medulla causes the damage observed, it
would be surprising if only phenacetin or aspirin
could produce such changes.
Summary
A detailed analysis of 60 autopsy cases of AN is
presented. Renal papillary necrosis is the hallmark of
AN. Special emphasis is given to early changes in the
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basement membranes and the ground substance of
the renal papila observed by light and electron
microscopy. The "interstitial nephritis"in the renal
cortex is secondary to papillary changes. The histo-
logic picture of the cortex is often complicated by
bacterial infection and, therefore, is complex. An
unusual hyalinization of small vessels beneath the
urothelium of the mucosa of the urinary tract, similar
to that seen in the inner medullary zone, has been
called 'analgesic microangiopathy." Its significance
is not clear. The renal papillae, the mucosal mem-
branes of the urinary tract, the liver, the cartilages,
and the skin often display a striking brownish dis-
coloration caused by a lipid-containing pigment.
Statistical data from our autopsies in Switzerland
show no decrease in death rates of AN. This is
in contrast to reports from Denmark and Sweden
where the sale of phenacetin has been restricted by
prescription.
Reprint request to Prof. Dr. F. Gloor, Institut für Pathologic,
Kantonsspital St. Gallen, CH-9007 St. Gallen, Switzerland.
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